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Allelopathic activityAbstract The present study deals with the diversity of paddy ﬁeld actinobacterial ﬂora in Tiruchi-
rappalli district. Totally 118 actinobacterial colonies were isolated from 12 different paddy ﬁelds,
among which 45 isolates were morphologically distinct on the basis of spore color, mycelia forma-
tion, pigment production and reverse side color formation. Totally 45 actinobacterial isolates were
screened for allelopathic activity against Cyperus rotundus. Among them 6 (13.33%) isolates showed
maximum growth inhibition and 17 (37.77%) isolates showed minimum inhibition of weed germi-
nation. An attempt was made to correlate the actinobacterial diversity and physico-chemical prop-
erties of soils which revealed positive relationship with nitrogen, potassium, copper, and
phosphorus. Species diversity indexes (H0), species richness (SR) and species evenness (J0) were also
studied.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Actinobacteria represents a large part of the rhizosphere
microbial community (Strobel et al., 2004), which is involved
in the turnover of recalcitrant plant organic matter producing
a balance in the ecosystem (Miyadoh, 1997). Majority of the
actinobacteria are isolated from soil, rhizosphere region and
rice ﬁelds (Kimura and Asakawa, 2006). In the study ofCrawford et al. (1993) the interactions such as nitrogen ﬁxa-
tion, plant growth hormone production and protection of
plants against infection have been demonstrated. In addition,
the production of lytic enzymes by the actinobacteria facili-
tates the survival of plants by degrading diverse substrates
occurring in plant litter and soil, which again has the ability
to inhibit the growth of phytopathogens. The degradative abil-
ity of actinobacteria is important for carbon cycle and humus
formation in the environment which ultimately enhances soil
nutrition for plant growth. Actinobacteria, especially Strepto-
myces are proliﬁc producers of secondary metabolites, used as
biocontrol agents to control soil-borne and seed borne diseases
of plants.
Paddy ﬁeld is a unique agro-ecosystem containing ﬂood
water, rice root, rice straw and stubble, composted materials
and percolating water which makes it as an important habitat
for the microorganisms. These habitats are microenvironments
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ically distinct properties. Such heterogeneity of these habitats
inﬂuences the structure and diversity of microbial communities
in the paddy ﬁeld ecosystem supporting various microbiologi-
cal processes in paddy ﬁelds, most of which are agronomically
and biogeochemically important.
The word ‘‘weed’’ means any wild plant growing and inter-
fering the growth of beneﬁcial or cultivated plants in agricul-
tural ﬁeld. Weeds act as a host plant for pest and reduce the
quality and yield of the cultivated plant. Weeds also indirectly
affect all living beings. Due to the above problems there is a
serious need for controlling the weeds. The major weeds found
in Tamilnadu are Cassia occidentalis L., Echinochloa crusigalli
L., Amaranthus spinosus L., Amaranthus viridis L., Gynandrpsis
pentaphylla L., Cyperus rotundus L. and Vicia sativa L. The
secondary metabolite (allelochemicals) production by plants,
viruses and fungi inﬂuences the growth and development of
agricultural and biological systems (excluding animals). The
secondary metabolites of certain microbes have been used as
alternative for agrochemicals. The environmental and health
hazard of the weeds has led to the use of allelochemicals and
rising of allelopathic crops. The allelopathy mechanism of
the microbes is an ecofriendly approach and helps in promot-
ing the growth of plants, production of phyto-hormones and
degradation of complex molecules such as cellulose, lignin,
and xylene. The biological weed control agents do not generate
any public health diseases. In this regard, the present work
aims to study the biodiversity of actinobacteria and their alle-
lopathic potential in the paddy soil samples of 12 different re-
gions in Tiruchirappalli district.2. Materials and methods
2.1. Description of the sampling sites
Soil samples were collected from 12 different paddy ﬁelds in
Tiruchirappalli locations, during the period of January 2011–
May 2011 which includes Thiruvanaikovil (10510N, 78380E),
Lalgudi (10720N, 78.940E), Kallanai (10630N, 78170E),
Manaparai (10380N, 78210E), Vaiyampatti (10310N,
78120E), Marungapuri (1020N, 78200E), Manachanallur
(10980N, 78320E), Musiri (10960N, 78390E), Thottiyam
(10980N, 78100E), Thuriyur (11150N, 78340E), Uppiliyapu-
ram (11200N, 78290E) and Yerakudi (11180N, 78260E).
2.2. Physicochemical analysis of soil samples
Samples were collected randomly from the depth of 15 cm
from each location, brought to the laboratory and stored for
further study. Physico-chemical parameters such as pH, elec-
trical conductivity, nitrogen, phosphorus, potassium, soil tex-
ture, lime status, ferrous, manganese, zinc and copper were
analyzed according to Jackson (1973).
2.3. Correlation co-efﬁcient analysis
The correlation co-efﬁcient analysis between physico-chemical
parameters of soils and actinobacterial populations was per-
formed using SPSS statistical software (Version 17.0 for Win-
dows, SPSS, Chicago, IL, USA). The diversity indices likeSimpson’s index, Shannon index, Shannon evenness, species
richness, Menhinick index, Margalef index, brillouin, Equita-
bility and dominant index were performed using PAST statis-
tical software version 2.10 for Windows, PAST, copy right
Hammer et al. (2001).
2.4. Soil Samples’ pretreatment
Pretreatment of the soil was performed according to the meth-
od of El-Nakeeb and Lechevalier (1963), with slight modiﬁca-
tions. The air dried soil (10 g) was mixed in a mortar with 1%
of calcium carbonate (CaCO3) and was incubated for 2 days at
30 C in a closed inverted sterile Petri dish in which a high rel-
ative humidity was maintained by water saturated ﬁlter paper.
To assess the effect of pretreatment, soils without CaCO3,
served as a control.
2.5. Isolation of actinobacteria
Starch casein agar medium (g/l: Starch 10, Casein 0.3, KNO3
2, NaCl 2, K2HPO4 2, MgSO4. 7H2O 0.05, CaCO3 0.02, FeSO4
7H2O 0.01 and agar 18; supplemented with Griseofulvin and
Cycloheximide (Himedia, Mumbai) 25 and 10 mg/ml) was
used for the isolation and enumeration of actinobacteria Kus-
ter and Williams (1964). The diluted sediment samples (0.1 ml)
were spread over the medium with a sterilized bent (L) rod and
plate spinner. The inoculated plates were incubated at 30 C
for seven to 10 days. After incubation, colonies were puriﬁed
using streak plate technique and maintained for further
investigation.
2.6. Identiﬁcation of isolated cultures
Puriﬁed isolates of actinobacteria were identiﬁed using mor-
phological and cultural characteristics by the methods de-
scribed in the International Streptomyces Project (ISP)
Shirling and Gottlieb (1966). The morphology of the spore
bearing hyphae with the entire spore chain, the structure and
arrangement of the spore chain with the substrate and aerial
mycelium of the actinobacteria were examined and identiﬁed
using slide culture technique Williams et al. (1989). After
growth, cultures were examined under light microscope. Color
of spore mass was visually estimated by using the color chart
(Pridham, 1965).
2.7. Allelopathic activity of soil actinobacteria
All the isolates were screened for allelopathic activity by moist
chamber technique and Roll towel assay method Dhanaseka-
ran et al. (2010, 2012). The actinobacterial isolates were grown
in starch casein broth and incubated at 28 ± 2 C for a week.
The culture broth was spun at 10,000 rpm for 10 min. The
resultant supernatant was collected and used as a test sample
to evaluate the allelopathic activity.
3. Results
Tiruchirappalli district lies at the heart of Tamilnadu slope to-
ward east. It has number of detached hills and is punctuated by
river Cauvery, which supports irrigation to the agriculture and
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river is fertile and favors agriculture. In addition, a large
amount of soil carrying spores of terrestrial actinobacteria en-
ters into the agricultural ﬁelds.
Totally 118 actinobacterial isolates were isolated from
twelve different sampling sites. Maximum isolates were re-
corded in Kallanai paddy ﬁeld followed by Manachanallur
and Thottiyam whereas minimum number of isolates from
Yerakudi soil (Fig. 2). Out of 118 isolates, 45 isolates were
morphologically distinct including white, gray, pink, brown,
grayish white, green and red color colonies. Most of the iso-
lates were morphologically white. The morphological charac-
teristics like colony nature, aerial mycelium color, reverse
side color, diffusible pigments, growth rate, and size of the col-
ony were observed.Figure 1 Map showiOut of 45 isolates, 14 were identiﬁed as genus Streptomyces
(spore chain with coiling, spiral and looped), ten isolates as
Streptoverticillium (spore chain are long, straight ﬁlament with
regular intervals), nine as Actinomadura (spore chains are
straight and open hooked), six as Kitasatosporia (spore chains
are long with more than 20 spores) and two each belonging to
Nocardiopsis (aerial mycelium totally sporulated), Pseudono-
cardia (spore chains are long, irregularly zig-zagged), and Kib-
delosporangium (spore chains are long with irregularly curved)
(Williams et al., 1989), (Fig. 3). Thus they have worldwide dis-
tribution, which indicate their plasticity and adoptability to the
various environments.
Frequencies of identiﬁed genera of actinobacteria in differ-
ent sampling sites were ﬂuctuated. The frequency of the genus
Streptomyces was 31.1% followed by Streptoverticilliumng the study area.
0
2
4
6
8
10
12
14
A B C D E F G H I J K L
lo
g 
10
 5
C
FU
/m
l
Sampling Sites
Figure 2 Total actinobacterial populations in soil samples (A)
Manaparai, (B) Vaiyampatti, (C)Marungapuri, (D) Thiruvanaiko-
vil, (E) Lalgudi, (F) Kalanai, (G) Thottiyam, (H) Manachanallur,
(I) Musiri, (J) Thuriyur, (K) Uppiliyapuram, (L) Erakudi.
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Figure 4 Occurrence of actinobacteria in the sampling sites.
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other genera such as Nocardiopsis, Kibdelosporangium, and
Pseudonocardia recorded low percentage of frequency (4.4%)
(Fig. 4). Besides Streptomyces, the genera most frequently
appeared on media were Streptoverticillium, Actinomadura,
Kitasatosporia, Nocardiopsis, Kibdelosporangium and
Pseudonocardia.
In spite of the fact that the actinobacteria have a wide dis-
tribution, they also show variation in their population dynam-
ics. The correlation co-efﬁcient analysis of physico-chemical
properties of soil samples and total actinobacterial count
revealed a signiﬁcant positive correlation between total actino-
bacterial count and nitrogen (r= .688, P< 0.01), TAC and
potassium (r= .606, P= < 0.01), TAC and copper
(r= .585, P< 0.01), and TAC and phosphorous (r= .567,
P< 0.01) (Table 1). Similar type of study was reported by
Mansour, (2003). The range of biodiversity indexes viz. domi-
nance, simpson’s index, shannon index, and evenness at all sta-
tions were 0.14–1.0, 0.73–0.85, 0.6–1.9, and 0.9–1.0
respectively. The range of Brillouin, Margalef, Menhinick in-
dex, and Equitability at all stations were 0.3–1.4, 1.4–2.7,
0.7–2.2, and 0.9–1.0 respectively (Fig. 5).
Among the forty-ﬁve isolates only six isolates (DDBH001,
DDBH010, DDBH012, DDBH016, DDBH019 and DDBH020)Figure 3 Morphology ofshowed maximum allelopathic activity against C. rotundus
(Fig. 6). Isolates DDBH001, DDBH012, and DDBH019 were
identiﬁed asStreptomyces sp. belonging toThiruvanaikovil,Kalla-
nai, andManaparai paddy soils,whereasDDBH010was identiﬁed
as Kitasatosporia sp. from Kallanai paddy soil, DDBH016 as
Streptoverticillium sp. from Kallanai paddy soil and DDBH020
asActinomadura sp. fromManaparai paddy soil. This result clearly
revealed thatKallanaipaddysoil isolateshave strongerallelopathic
activity when compared to other paddy soils. The positive six alle-
lopathic isolates belong tohigh calciumcarbonate rich soils that fa-
vor the growth of actinobacteria and the isolates are highly depend
on nitrogen, copper, phosphorus and potassium sources for their
survival. Themoderate allelopathic activitywas observed in 17 iso-
lates and 22 isolates showed minimum secretion of weed growth
inhibitory compounds. C. rotundus is a common weed in paddy;
hence it was selected to test the allelopathic activity.
4. Discussion
Microorganisms in the paddy ﬁeld environment has much role
in the growth and development of plants through nutrient
regeneration by biological processes either decomposition or
by ﬁxing the nitrogen and phosphorous. Assessments of
microbial diversity in the paddy ﬁeld ecosystem are notactinobacterial isolates.
Table 1 Carl Fisher coefﬁcient analysis of physico-chemical properties of soil and total actinobacterial species.
pH EC N P K Fe Mn Zn Cu TAC103 TAC104 TAC105
pH 1
EC .386 1
N .688(*) .015 1
P .567 .135 .833(**) 1
K .606(*) .095 .612(*) .725(**) 1
Fe .484 .249 .665(*) .564 .405 1
Mn .491 .060 .767(**) .785(**) .690(*) .348 1
Zn .511 .470 .452 .424 .165 .399 .156 1
Cu .585(*) .137 .680(*) .724(**) .749(**) .450 .492 .043 1
TAC103 .354 .442 .363 .396 .296 .092 .211 .170 .557 1
TAC104 .327 .363 .475 .544 .633(*) .199 .381 .044 .701(*) .771(**) 1
TAC105 .003 .232 .018 .273 .395 .092 .120 .011 .520 .586(*) .728(**) 1
* Correlation is signiﬁcant at the 0.05 level (1-tailed).
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
Streptomyces
Streptoverticillium
Actinomadura
Nocardiopsis
Kitasatosporia
Pseudonocardia
Kibdelosporangium
Figure 5 Biodiversity index of actinobacteria in soil samples from Tiruchirappalli district.
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taken to ﬁnd out the diversity and function of actinobacteria.
CaCO3 is commonly employed to increase the number of
actinobacterial population from air-dried soils (El-Nakeeb
and Lechevalier, 1963; Oskay, 2009). However, the precise
mechanism of CaCO3 effect is not well-studied. The increase
in actinobacteria population due to the addition of CaCO3
might be attributed as increase in pH and stimulation of
Ca2+ by aerial mycelium formation, which was observed in
some actinomycetes viz., Streptomyces ambofaciens and Strep-
tomyces alboniger Natsume et al. (1989), Qin et al. (2009).
Also, Ca2+ ion was found to be an essential component for
germination of certain Streptomyces species such as S. strepto-
mycini (Ensign, 1978).
Vanajakumar et al. (1991) reported that, white color series
of actinobacteria were the dominant forms than the gray, pink
and red color series. Among the genera recorded in the present
study, Streptomyces was the most predominant one when
compared to other genera. The dominance of Streptomycesamong the actinobacteria especially in soils has also been
reported by many workers Dhanasekaran et al. (2009),
Vijiyakumar et al., (2007), Moncheva et al. (2002), Balaguru-
nathan et al., (1996), (Mansour, 2003).
Jiang and Xu (1996), Saadoun and Al-Momani (1996) have
studied the pH, moisture, organic matter, nitrogen and phos-
phorous content of the soils and correlated with actinobacteri-
al population.
The physicochemical parameters clearly indicate that
important nutrients such as nitrogen and potassium were
found maximum between the soil depths of 0–10 cm. The dis-
tribution and abundance of actinobacteria were found maxi-
mum between the depths of 10–20 cm. Ghanem et al. (2000)
reported that, the counts of actinobacteria were found maxi-
mum in the upper sediment layers (0–20 cm).
The correlation between salinity, pH and organic content of
marine sediments and actinobacterial population has been
reported by several workers Jensen et al. (1991); Ndonde and
Semu (2000); Dhanasekaran et al. (2009). Ghanem et al.
Figure 6 Allelopathic activity of actinobacterial isolates.
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solved phosphate showed insigniﬁcant values, but variation in
total nitrogen and organic matter was signiﬁcant in the popu-
lation in Alexandria.
The allelopathic results revealed that the actinobacterial ex-
tract has the potential to reduce the germination of C. rotundus
and these results were similar to the observation of earlier
workers Dhanasekaran et al., 2010, 2012; Priya Dharsini
et al., 2013a, b). In their ﬁndings Cyperus germination inhibi-
tory compounds were identiﬁed as N-phenylpropanamide and
N-(naphthalen-1-yl) propanamide from Streptomyces sp. KA1-
3.
The results of the present study showed that the actinobac-
terial dominance, diversity, richness and evenness are associ-
ated with the environmental factors of the soil. In
conclusion, actinobacterial communities at the respective hab-
itats in the paddy ﬁeld ecosystem are different in diversity and
stability to each other, which may contribute to the diversity of
the whole world of allelopathic actinobacterial communities in
the paddy ﬁeld ecosystem.
The present results also show that, actinobacteria are
evenly distributed according to the microenvironments gov-
erned by intermediate factors. The present investigation
proved that, the paddy ﬁeld ecosystem in the South west coast
of India is eminently a suitable ecosystem for the diversity of
actinobacteria which could thus enhance crop yield and
quality.Acknowledgement
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